Abstract. interleukin (il)-2 and interferon (iFn)-α combination therapy for metastatic renal cell carcinoma (rcc) improves the prognosis for a subset of patients, while some patients suffer from severe adverse drug reactions with little benefit. To establish a method to predict responses to this combination therapy (approximately 30% response rate), the gene expression profiles of primary RCCs were analyzed using an oligodna microarray consisting of 38,500 genes or ESts, after enrichment of the cancer cell population by laser microbeam microdissection. The analysis of 10 responders and 18 non-responders identified 24 genes that exhibited significant differential expression between the two groups. In addition, the patients whose tumors did not express hla-dQa1 or HLA-DQB1 molecules demonstrated poor clinical response. Exclusion of patients with tumors lacking either of these two genes is likely to improve the response rate to il-2 and iFn-α combination therapy from 30 to 67%, indicating that a simple pretreatment test provides useful information with which to subselect patients with renal cancer in order to improve the efficacy of this treatment and reduce unnecessary medical costs.
Introduction
renal cell carcinomas (rccs) account for 2-3% of all malignancies (1, 2) . Surgical resection is the first choice of treatment for RCC at an early stage. However, when patients present at an advanced stage or have local recurrence or distant metastasis to other organs, immunotherapy, chemotherapy and radiation therapy are applied, although the response rates are poor. recently, new molecular targeted agents, such as sunitinib and sorafenib, have been developed and are widely used (3) (4) (5) (6) (7) . although these drugs have demonstrated a better clinical response than previously used treatments, serious adverse reactions, such as fatigue, mucositis, hand-foot syndrome, diarrhea and hypertension, are often observed and become the cause of discontinuation of the drug administration.
monotherapy or combination therapy of interleukin (il)-2 and interferon (iFn)-α has been relatively widely applied for the treatment of advanced kidney cancers. In Japan, to reduce the risk of adverse reactions, the dose of il-2 is lower than that used in other countries (8) (9) (10) (11) . While the response rate of monotherapy is as low as 10-20%, that of combination therapy is slightly better, 20-25% (12) (13) (14) (15) (16) (17) . However, the rate of adverse reactions associated with this combination therapy appears to Identification of a set of genes associated with response to interleukin-2 and interferon-α combination therapy for renal cell carcinoma through genome-wide gene expression profiling , hidEYuKi aKaza 10 and YuSuKE naKamura be lower than recently developed molecular targeting drugs (18, 19) . Hence, we aimed to define a subset of patients who expect to show a favorable response to this therapy through gene expression profiles of metastatic RCCs, after enrichment of the cancer cells with laser microbeam microdissection technology. In the present study, two antigen-presentation-associated molecules were identified that may predict response to il-2 and iFn-α combination therapy for metastatic RCC.
In addition, this finding may be useful for improving the drug response rate, for contributing to the improvement of the quality of life and prognosis of patients, and reducing unnecessary medical costs to non-responders.
Materials and methods
Patients and tissue samples. tissue samples from surgically resected rcc and corresponding clinical information were obtained from 21 hospitals (tokyo university, Okayama university, Sapporo medical university, Kobe university, Nihon university, kanazawa university, Isezaki City Hospital, Shinshu university, Kyushu university, Kyoto prefectural university of medicine, Osaka medical center for cancer and cardiovascular diseases, hamamatsu medical university, Sendai Social insurance hospital, iwate medical university, Okayama medical center, nagoya city university, tokushima university, Gifu prefectural General medical center, tokyo medical university, tokyo medical and dental university, and Tokyo Women's medical university medical Center east, Japan) after each patient provided written informed consent. A total of 42 cancer samples (11 women and 31 men; median age 62.5 years; range 25-75) ( Table I ) that had been histologically confirmed as RCC, were selected for this study. the clinical stage of each patient was assessed according to the union international centre cancer tumor node metastasis classification. Corresponding normal tissue was also obtained from the distant region of the cancer lesion in the resected kidney tissue. These samples were immediately embedded in TissueTek oCT compound (Sakura, Tokyo, Japan), frozen and stored at -80˚C. The frozen tissues were sliced into 8-µm sections using a cryostat (Sakura) and then stained with h&E for histological examination.
Preparation and analysis of RNA. Total RNA purified using the RNeasy micro kit (Qiagen, Germany) was quantified in a Nano Drop spectrophotometer (ND 1000). The RNAs, whose ratios of oD 260/280 nm were between 1.7 and 2.0, were used for further analysis.
Microarray analysis. according to the protocol of the t7-Oligo(dt) promoter primer kit and iVt labeling kit (affymetrix), rnas were reversely transcribed using oligo(dt) promoter primers with a T7 recognition site in the first-strand cDNA synthesis. Following purification of the product of the double-strand cdna after second-strand cdna synthesis, in vitro transcription (iVt) reaction of biotinylated complementary RNA was carried out using T7 RNA polymerase. Labeled RNA was fragmented and hybridized to the array named Affymetrix Human Genome u133 Plus 2.0. The arrays were washed, stained and scanned using the Genechip 3000 7G scanner (Affymetrix). Signal intensities and the absolute call dataset were generated with affymetrix Gene chip Operating Software (AGCC) using the mAS5.0 algorithm. Tables I and II . We applied a random permutation test to identify genes whose expression levels were significantly different between the responder (clinical response: cr, complete response or pr, partial response) and non-responder groups (mr, minor response; nc, no change or pd, progressive disease); favorable response or poor response was defined by the tumor shrinkage rate of pulmonary metastasis. The mean (µ) and standard deviation (σ) were calculated from the log-transformed relative expression ratios of each gene in responder (r) and non-responder (n) cases. A discrimination score (DS) for each gene was defined as follows: DS = (µ r -µ n )/(σ r +σ n ).
We performed permutation tests to evaluate the ability of individual genes to distinguish between 10 samples in the responders and 18 samples in the non-responders; samples were randomly permutated between the two groups at 1,000,000 times. Since the DS dataset of each gene showed a normal distribution, we calculated a p-value for the userdefined grouping (22) .
Quantitative RT-PCR. We identified 24 genes (Table III) that showed significantly different levels of expression between the responder and non-responder groups, based on microarray analysis, and subsequently focused on two immunologically important genes, HLA-DQA1 and HLA-DQB1. To examine the possibility of adapting our prediction system for clinical use, we performed quantitative real-time rt-pcr of the two genes and evaluated their expression levels in all 42 samples by calculating relative expression ratios of each sample. extracted RNAs were reversely transcribed using the SuperScript VilO cdna Synthesis kit (invitrogen) following the supplier's protocol. For the quantification of mrna levels, real-time quantitative pcr was performed with LightCycler 480 (Roche). The sequences of each primer and probe were as follows: internal control (β2m), forward primer 5'-TAGGAGGGCTGGCAACTTAG-3'; reverse primer 5'-CCAAGATGTTGATGTTGGATAAGA-3'; and Taqman Probe 5'-GGGAGCAG-3'; predictive gene1 (HLA-DQA1), forward primer 5'-ACTATTCTCTGGCCCGGTTT-3'; reverse primer 5'-TACCCCAGGCATGTCTTTGT-3'; and Taqman probe 5'-CTCCTCCA-3'; predictive gene2 (HLA-DQB1), forward primer 5'-AGCATTTTGGGGTGTCAAGT-3'; reverse primer 5'-ACACAGCACTCACCAAACCA-3'; and Taqman probe 5'-CAGAGGAG-3'.
PCR reactions were optimized for the number of cycles to ensure product intensity within the logarithmic phase of amplification.
Results
laser microbeam microdissection (lmm) was carried out to enrich cancer cell populations from each of 42 tumor tissues from patients that had met the inclusion criteria of this clinical trial as reported previously (21) . To attempt to establish a prediction method for clinical responses to il-2 and iFn-α combination therapy, we analyzed gene expression profiles of microdissected renal cancer cells using an oligodna microarray consisting of 38,500 genes or eSTs. Analyzing 10 responders (cr or pr) and 18 non-responders (pd or nc), we identified 24 genes that showed significantly different levels of expression between the responder and non-responder groups according to the two following definitions: i) expression information based on signal intensities higher than the cutoff level in >60% of samples of at least one group; ii) random permutation test P-values <0.0005 (Table III) . Among the 24 genes selected, the expression levels of 14 genes were higher in the responder group, including two immunologically important genes, HLA-DQA1 (P=2.83e-05) and HLA-DQB1 (P=2.66e-04), that are known to be HLA class II molecules having critical roles in antigen presentation. of the remaining 22 genes, three genes have also been implicated in several roles in immunological responses: map3K5 (aSK1) is suggested to be related to the natural immunity to the stress response. TFPI is suggested to function as a negative regulator of cytokine expression. In addition, NR4A2 has been identified as a candidate target molecule for the treatment of multiple sclerosis, one of the autoimmune diseases of the central nervous system. Since il-2 and iFn-α treatment is expected to enhance patient immunity with the subsequent attack by immune cells on cancer cells, these two hla class ii molecules were considered to likely play key roles in clinical response. Hence, we focused on these two molecules measuring the expression levels quantitatively and comparing them to clinical response. We confirmed the relativity of expression level and clinical response using the receiver operating characteristic (rOc) curve, and the best cutoff value for the expression level of each gene was determined (Fig. 1) . The results demonstrated that A Figure 1 . Receiver operating characteristic (RoC) curve. Result of microarray data. Sensitivity shows the ratio of the number of samples for which a value is higher than each cutoff value in the responder group. Specificity shows the ratio of the number of samples for which a value is higher than each cutoff value in the non-responder group. Specificity indicates the number for which the 'ratio of the number of samples for which a value is higher than each cutoff value in the non-responder group' is subtracted from '1'. The point where 'sensitivity' and 'specificity' were both near '1' [in short where '(1 -sensitivity) 2 + (1 -specificity) 2 ' was the lowest] was determined to be the optimal cutoff value for the expression level of each gene based on the rOc curve. (A) RoC curve of HLA-DQA1. The optimum cutoff value (arrow) was 0.36; at this point, sensitivity was 0.80 and specificity was 0.67. (B) RoC curve of HLA-DQB1. The optimum cutoff value (arrow) was 1.2674; at this point, sensitivity was 0.73 and specificity was 0.74. Figure 2 . expression pattern. The figures of the spindle show the value, which was divided by the expression level of the normal tissue and transformed to a logarithm. Dark blue squares, CR; blue diamonds, PR; brown diamonds, mR; red circles, NC; orange squares, PD. Samples whose expression levels were higher than these cutoff values were assigned a score of '1' and samples whose expression levels were lower than these cutoff values were assigned a score of '0'. (A) expression pattern of HLA-DQA1. (B) expression of HLA-DQB1.
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il-2 and iFn-α combination therapy showed poor response rates of 85.7 and 83.3%, respectively, when the expression level of hla-dQa1 or hla-dQb1 was lower than the cutoff value (Fig. 2) . If patients having a lower expression of these genes were excluded, than the rate of effectiveness of this therapy is expected to be 57.1% in the case of HLA-DQA1 and 61.1% in the case of HLA-DQB1, respectively. However, since hla-dQa1 and hla-dQb1 are known to form a heterodimer in the antigen presentation process, we hypothesized that if either one was expressed lower than the cutoff level, the tumor cells were unlikely to produce an hla-class II molecule sufficiently and were then unable to present the antigen(s) effectively. Considering this hypothesis, if this treatment was withheld to the patients whose tumors expressed a lower level of either hla-dQa1 or hla-dQb1 than each cutoff value, than the response rate could be expected to reach as high as 66.7% (Fig. 2, Table IV ).
Discussion
to screen genes that may be associated with the clinical response of advanced rccs to il-2 and iFn-α combination therapy, oligo dna microarray analysis was applied in combination with Lmm to obtain precise expression profile data of thousands of genes simultaneously. The following random permutation test of expression data identified 24 candidate genes that exhibited significant differential expression between the 'responder' and 'non-responder' groups (Table III) . Since two immunologically important genes, hla-dQa1 and HLA-DQB1, were included in the set of 24 genes, the relative expression levels were measured and then compared to clinical responses by applying the rOc curve for these two genes ( Figs. 1 and 2 ; Table IV ). As HLA-DQA1 and HLA-DQB1 are known to form a heterodimer, we hypothesized that when either gene exhibited a low level of expression in tumors, the antigen presentation from the tumor cells for immunotherapy may be insufficient. When such patients were excluded from this particular treatment, the rate of effectiveness of this therapy was expected to improve to 65-70% (Table IV) .
to further apply our prediction system in clinical use, we attempted to establish the quantitative RT-PCR method. as a result, the mrna levels measured by the quantitative Table IV . Scoring-based expression pattern 1.
Non-responder (n=27) 16 6 5 (mr + pd + nc)
Responder (n=15) 2 3 10 (cr + pr) Summary table of the scoring-based expression pattern of Fig. 2 . Score: 0, hla-dQa1 and hla-dQb1 expression values both less than the cutoff value; 1, hla-dQa1 (or hla-dQb1) expression value less than the cutoff value and hla-dQb1 (or hla-dQa1) expression value greater than the cutoff value; 2, hla-dQa1 and HLA-DQB1 expression values both greater than the cutoff value. CR, complete response; pr, partial response; mr, minor response; nc, no change; PD, progressive disease. Table V . Scoring-based expression pattern 2. Summary table of scoring-based expression pattern of quantitative RT-PCR. Score: 0, HLA-DQA1 and HLA-DQB1 expression values both less than the cutoff value; 1, hla-dQa1 (or hla-dQb1) expression value less than the cutoff value and hla-dQb1 (or hladQa1) expression value greater than the cutoff value; 2, hla-dQa1 and HLA-DQB1 expression values both greater than the cutoff value. cr, complete response; pr, partial response; mr, minor response; NC, no change; PD, progressive disease. 
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rt-pcr method were found to be quite consistent to those obtained from the microarray analysis with Pearson's correlation coefficient and Spearman's rank-correlation coefficient of 0.89 and 0.83 for HLA-DQA1, respectively, and 0.78 and 0.65 for HLA-DQB1, respectively (Table V, Fig. 3 ).
in conclusion, the expression levels of hla-dQa1 and hla-dQb1 are reliable candidate markers for predicting the response to il-2 and iFn-α combination therapy for rcc and provide useful information for the establishment of personalized treatment.
